Abstract-Water-bearing geological structure is a serious threat to coalmine safety. This research focuses on detecting water-bearing geological structure by transient electromagnetic method. First, we introduce the principle of mining transient electromagnetic method, and then explain the technique of Finite Different Time Domain using in the transient electromagnetic method. Based on Maxwell equations, we derive the difference equations of electromagnetic field and study the responses of water-bearing geological structure using FDTD. Moreover, we establish the relationship between receiving electromagnetic field and geological information. The typical coal geological model of goaf-water is chosen to do the numerical simulation. Besides, we verify the availability of the method by numerical simulation using coal geological model. Finally, we use the method in the coalmine which is located in Linfen city in Shanxi province in China, and the detecting result is verified by drilling.
I. INTRODUCTION Transient Electromagnetic Method (TEM) used in coalmine is called Mining Transient Electromagnetic Method (MTEM).
The MTEM is used to locate the source of mine water, which is one of the main disasters in coalmine production and construction. There are three locations of mine water, i.e., roadway roof, roadway floor, and roadway lateral wall/head (Fig. 1) . According to the records [1] , more than 80 % of water disasters occur at the heading face of coal roadway. Although the counts of water disaster in heading face is much more than that in roof, floor and lateral wall, the detection of the disaster water source are still an important issue.
Due to that the roadway environment mainly refers its narrow space and metal interference, traditional geophysical methods are inefficient for water disaster detection in roadway. At present, the geophysical exploration methods are popular to predict coalmine water disaster. Representative geophysical method include mine direct current method [2] , radio wave penetration method, audio frequency electric penetration method and mine transient electromagnetic method (MTEM) [3] . Among these methods, MTEM is widely used in the detection of advanced heading face. The reason is that it has the following advantages: easy taken in the roadway, sensitivity to water-bearing structures, easy operation and small time consuming. Though many researchers have been studied TEM, they mainly focused on the ground surface [4] , marine [5] and air [6] . In addition, few researches can be found in literature related with coalmine roadway. Here, we introduce the principle of MTEM to interpret its application in the coalmine. As mentioned above, the difference between ground surface TEM and MTEM is that the measurement of MTEM is located in the mine roadway. The transmitter carrying current will result in primary magnetic field which is called the first field. When the current is abruptly turned off, the change of primary magnetic field will induce eddy current in the conductor. The eddy current will result in a magnetic field, called the second field. The receiver loop will record the second field, as shown in Fig. 2 . The information of the earth can be obtained from the second field. In order to transmit the signal with enough power and in order to receive the expected information, the multi-turn minor loop devices were proposed by our previous work [7] . In the mine roadway, we can detect the information of roof, floor and heading of coal seam by adjusting loops detection directions (Fig. 6) . Besides, we can detect different directions in the same surface, as shown in Fig. 3 . 
II. PRINCIPLE OF MTEM
Under the quasi-static condition and in source-free, isotropic, and non-magnetic medium, Maxwell differential equations [8] can be expressed as:
where B is the magnetic induction, H is the magnetic field intensity, E is the electric field intensity, σ is the conductivity of the medium and J is the conduction current density. Equation (2) can be modified by plus the item of time, as shown in equation (5), which can simplify the requirements of solving equation [9] ,
where  is the ghost permittivity [10] .
Equation (5) can be rewritten by the form of three components:
,
.
Due to the form of electromagnetic field, many researchers [11] adopt 3-D FDTD to solve Maxwell equations, the earth model is discretized into Yee unit model, as shown in Fig. 4 . In the model, the electric field components are located at the centers of the prism edges with their directions parallel to the prism edges, and the magnetic field components are located at the centers of the prism faces with their directions parallel to the normal directions of the faces. The iterative equation for electric and magnetic fields, and specific discrete process and difference equation can be obtained by applying component forms of (1) and (5) and using central difference to perform approximate discretization [9] .
In order to calculate the z-component of the magnetic field for the whole space, we should maintain the symmetry of fields in whole space. Hence, first, the following equation can be obtained from (1) .
Then, from (3), we can get
In the whole space model, the source is located at the centre of the model, which is often taken as the origin of coordinates.
In calculation, z B  value of each unit on the plane where the origin is located (namely, the plane z = 0) is first calculated by using (9) . Then, z-components of the magnetic field at other positions are calculated by using (10) . By using central difference, (9) can be discretized as follows
In the iteration, z B  value of each unit on the plane where the source is located (namely, the plane z = 0) is first calculated by using (10) . Then, z B  values of units located in the areas, z < 0 and z > 0, are calculated using (12) and (13). This discrete way ensures the fields are symmetric about the plane z = 0. In addition, it does not only add the constraint conditions of (3) to the iteration process, but also makes z B  values free from the influence of boundary conditions. Therefore, it is of high accuracy. After calculation of B, we will express induction voltage ( ) t  by the formula [7] ( )= .
where, n is the number of turns and s is the area of the receiver loop.
In order to describe the resistivity of the earth, we transform the induction electromotive force into resistivity information via (15) [7] 
where a  is the apparent resistivity, S is the area of transmit loop and N is the turn number of transmit loop, n is the number of turns and s is the area of the receiver loop, u0 is the magnetic permeability, I is the current value and t is measurement time.
III. NUMERICAL SIMULATION
Goaf filled with water is the common source of water inrush in the roadway. By taking goaf filled with water as an example, we study the responses of transmits electromagnetic in the whole space. A three-dimensional whole-space coal geological model was established, as shown in Fig. 5 . In the model, resistivity of coal seam was set as 400 Ω·m and the resistivity of surrounding rock is defined to be 200 Ω·m. Besides, thickness of coal seam was set to be 10 m. The volume of goaf is 30 m × 30 m × 30 m and the resistivity is defined as 1Ω·m. Besides, the measuring points around the roadway head were arranged at various angles from 0 degree to 180 degree. As shown in the Fig. 6(a), Fig. 6(b) and Fig. 6(c) indicate that detecting information of floor, front and roof by adjusting the detection direction and the corresponding results are shown in Fig. 6(A), Fig. 6(B) and Fig. 6 (C) which are apparent resistivity contours. Here, there is obvious abnormal character in Fig. 6(B) and the abnormal area indicates low resistivity which coincide with geological model. 
IV. EXPERIMENTAL RESULTS
The coalmine was located in Henlong town in Linfen City in Shanxi Province, as shown in Fig. 7 . The character of coal geology is dominated by karst fissures, which corresponds to a very serious problem. Besides, there are many collapse columns, which usually develop into the path of conducted water. Hence, the advanced prospecting is very necessary before coal mining. Hence, we carry out the detection in the coalmine roadway, as shown in Fig. 8 which is the photo of measurement in the coalmine roadway. Furthermore, Fig. 9 shows the prospecting results. From the prospecting results, we can analyse that the location with a low resistivity abnormal geological body represents a water bearing collapse column, which is verified by geological drilling. 
V. CONCLUSIONS
In this paper, we present a new application of geophysical method into disaster water source detection in coalmine roadway, based on electromagnetic principles. Furthermore, we choose the typical geological model for numerical modelling. We found out that the modelling results match the geological model reasonably well. Moreover, we use the method for detecting water bearing geological body in the roadway in the coalmine in Linfen city in Shanxi province, and the method can correctly locate the area of water bearing geological body. As a result, the present method can be feasibly and effectively applied in the disaster water source detection in coalmine roadway.
